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SUMMARY KEY WORDS
An ultrastructurai investigation of embryonic
(E20) dentate fascia grafts transplanted into an
acute cavity in the somatosensory neocortex of
adult rats revealed a continuous dynamic state
of the tissue nine months postgrafting. The grafts
consisted mainly of typical granular cells with
some admixture of hippocampal pyramidal
neurons and polymorph hilar cells with a
normal, mature ultrastructure. Many features of
the transplanted tissue suggested continuing
development and growth. Dendritic branches
with growth tips, axonal growth cones, synaptic
boutons with growth vesicles, immature myelin
sheaths and myelin-producing cells were observed.
In contrast, ultrastructurai signs of degeneration
were present in some axons, and, less often, in
dendrites. These processes, as well as some of the
terminal synapses, contained various amounts of
iysosomes and iipofuscine granules. In many
such terminals the signs of degenerative change
were conbined with the presence of multiple
mitochondria, polymorph vesicles and tubular
reticulum, indicating simultaneous reparative
processes. It is suggested that continuous
recycling of neuronal processes occurs in long-
term dentate gratis. This morphological instability
nay depend on the paucity of synaptic targets
within the dentate tissue transplanted with a
minimal quantity of hippocampal pyramidal
cells and on the limitation of the afferent input.
However, the observed features of the grafted
dentate tissue are not qualitatively different
from those observed in normal dentate with its
protracted development and active compensatory
reorganization.
dentate fascia, intracortical transplants, neuronal
processes, synapses, growth, degeneration
INTRODUCTION
In previous papers/40,41/we have shown that
embryonic dentate fascia heterotopically grafted
into the primary somatosensory neocortex (barrel
field) of adult rats develops reciprocal connections
with surrounding host tissue and that typical giant
synaptic boutons of the mossy fibers establish
contacts with neocortical neurons. The present
paper describes some ultrastructural features of the
grafted dentate tissue itself after long-term (nine
months) survival in the host neocortex. Normal
development and expression of organotypic
characteristics by dentate fascia tissue have been
described by many authors in homotopic
(intrahippocampal) /22,26/, heterotopic /33/ and
intraocular /15,26/ dentate grafts. A detailed
description of the ultrastructure ofthe dentate fascia
grafts will therefore not be presented in this paper.
While our data generally support the conclusions of
these authors concerning the normal cellular
composition of the gratis, certain ultrastructural
features suggest a dynamic state of the grafted
tissue in spite of its long-term survival in the host
brain. Signs of both developmental and degener-
ative changes indicate a continuous recycling process
in the grafted nervous tissue.
MATERIALS AND METHODS
A detailed description of the methods has been
presented by us previously /40,41/. Embryonic
(E20) dentate fascia tissue was dissected from the
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hippocampal anlage and placed into a cavity
produced by aspiration of the neocortical barrel
field of young adult (3 months) male Wistar rats
(n=l 1). Nine months postgrafting the pieces of the
neocortex containing dentate grafts were prepared
for standard electron microscopic investigation. The
central and peripheral areas of the grafts were
analyzed under a Tesla BS513 electron microscope.
RESULTS
The granular cells constituted the main neuronal
elements of the grafted tissue However, a certain
number of pyramidal neurons, inadvertently taken
during the dentate anlage dissection from the
hippocampus proper, were also present in the
gratis. In addition, some polymorph cells with
osmiophilic cytoplasm and deeply invaginated nuclei
were encountered among the neuronal elements. All
cells were easily identified by their dimensions and
the details of their ultrastructural organization.
Some unusual features could be detected in the
grafted cells. The cytoplasmic membranes of the
granular cells, which normally have smooth rounded
contours, were often indented and had various
protuberances and filopodia. These appendages
contained fuzzy material, but in some of them
ribosomes and polysomes could be detected;
microtubules never entered them (Fig. 1A). Such
rough contours of cytoplasmic membrane were
observed especially often in the dispersed granular
cells, situated out of their dense clusters. Large
perikarya of the pyramidal neurons also had similar
protuberances and indentations of their surface
membranes. Sometimes invaginations of the somatic
membrane filled up by neuropil elements were so
deep that in some sections they looked like neuropil
islets, surrounded by neuronal cytoplasm (Fig. 1B).
The dendritic system of the grafted neurons was
well developed. Proximal segments of dendrites
contained numerous cytoplasmic organelles. Their
distal branches had many spines with active zones.
Detailed analysis revealed evidence of continuing
development. Some dendrites, besides typical
spines, had cytoplasmic filopodia. Short thin
branchlets were seen leaving the parent dendrites
Fig. 1.
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Fig. 1" Rough surface of the neuronal somata in the grafted tissue. A. A granular neuron (N) with cytoplasmic protuberances (p)
on its surface. Bar 0.5 ram. B. One of the few pyramidal neurons of the graft (N) with deep invagination of the
cytoplasmic membrane containing an islet of neuropil (arrows). Vacuoles are present in the nucleus. A symmetric
synaptic contact from lhe islet is shown at larger magnification in the inset at the left upper corner. Bar 0.5 mm.
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and terminating in growth tips which contained the
cytoplasmic organelles responsible for metabolic
processes (ribosomes, cisterns of endoplasmic
reticulum, and mitochondria) (Fig. 2A). Some
postsynaptic active zones had no corresponding
accumulations of synaptic vesicles on the
presynaptic side (Fig. 2B).
Continuing development could also be traced in
axons of the grafted neurons. Some axons
terminated in typical growth cones (Fig. 2C). The
majority of the myelinated axons had mature,
compact myelin sheaths. However, some axons with
still developing, loose myelin were also encountered
(Fig. 3A). They were more often present in
peripheral areas of the graft, close to the interface
with the host brain. Some myelin-producing cells in
the graft had electron-lucid cytoplasm, typical of
immature oligodendrocytes. The direct transition
between the cytoplasmic processes of such cells and
the outer layer of the myelin sheath could be traced
(Fig. 3B). Additional thin lammellar cytoplasmic
processes of the glial cells were seen to envelop the
myelinated axons. Identification of such glial cells at
the ultrastructural level was difficult. It is possible
that these cells represent immature oligodendro-
cytes, but the possibility that they are astrocytes
participating in myelinization cannot be excluded.
The density of synaptic contacts varied in
different parts of the grafts from medium to high.
Some dendrites were literally studded with closely
apposing synaptic boutons (Fig. 4A). The majority
of synapses in the grafts were of an asymmetric type
and contained round clear vesicles; some
axosomatic and axodendritic terminals, making
symmetric contacts, contained flat vesicles (Fig.
4B). The typical giant synapses of the mossy fibers
were distributed all over the graft, but their maximal
concentration was observed in the areas
corresponding to the dentate hilus. Some of the
giant synapses had extremely complex, tortuous
contours. They spread among the elements of
neuropil in amoeboid fashion, making multiple
synaptic contacts. Numerous protrusions and
filopodia of various dimensions spread from them in
all directions (Fig. 5A). Some giant boutons
contained growth vesicles as well as terminals of
usual dimensions.
Giant synapses were usually seen in clusters. As
in the normal hippocampus, one bouton might
contact several neighboring dendrites or, vice versa,
several boutons might contact one dendrite (Fig.
5B). However, in accordance with the paucity of
pyramidal neurons in the graft tissue, the typical
postsynaptic targets of the mossy terminals, giant
excrescenses of the proximal segments of the CA3
pyramidal neurons, were only rarely encountered.
Usually giant synapses made contacts with small
and medium-sized spines. Many such spines had
branched heads and contained ribosomes and
polysomes. Some ofthem, in spite of their moderate
size, also contained cisterns of smooth endoplasmic
reticulum, multivesicular bodies, mitochondria and
vacuoles, which are more typical of giant CA3
spines. The active zones of the mossy synapses in
the grafts seemed to be longer (or more continuous)
than in the normal hippocampus. The number of
desmosome contacts of mossy synapses, with
mitochondria concentrated at both sides, also
seemed to be increased in the grafted tissue (Figs.
2A, 5B).
Though the continuous growth of the nerve
processes and development of additional contact
surfaces were generally typical of the grafted tissue,
some degenerative changes were also present. Such
changes were very seldom seen in the neuronal
somata. In only a few pyramidal neurons were
vacuolization of nuclei, aggregates of lysosomes
and lipofuscine granules present. Such aggregates
were localized in otherwise normal-looking
cytoplasm (Fig. 6A). In one case, we observed a
cell, identified as an interneuron, which had a large
microfilamentous inclusion in the cytoplasm and
unusual ultrastructure of the mitochondria. Many
were dumbbell-shaped with extremely flattened and
cristless central areas which lay in parallel to the
cisterns of endoplasmic reticulum (Fig. 6B).
Definite degenerative changes were present in
only some neuronal processes. These were observed
in unmyelinated and myelinated axons and in their
synaptic endings. Sometimes unitary electron-dense
inclusions were encountered in otherwise normal-
looking processes. Some processes had large
expansions (up to 5-6 lam) and contained numerous
lysosomes of various dimensions, as well as dense
and lamellar bodies (Fig. 7A,B). Swollen segments
of some axons had increased numbers of
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Fig. 2: Signs of continuing growth and development of neuronal processes. A. A parent dendrite (D) with outgrowing short
branchlet (b) terminating with a growth tip. Accumulations of endoplasmic rcticulum and polysomes are present at the
base of the branchlct and in the growth tip. Giant boutons (g) of the mossy fibers make synaptic (s) and desmosome-likc
(d) contact with the growth tip and surface of the parent dendrite. Bar 1.0 ram. B. Synaptic contacts of a giant bouton (g)
with the head of a dendritic spine (Sp) of complex configuration. One of the postsynaptic densities does not have a
corresponding accumulation of synaplic vesicles in the apposing prcsynaptic area (arrowhead). Polyribosomes are
present in the spine. Bar 0.25 ram. C. Axonal growth cone (C, presumably of a mossy fiber) making synaptic contact
with the head of a dendritic spine (Sp). Empty vacuoles, growth vesicles and a cluster of synaptic vesicles are present in
the growth cone. Bar 0.5 ram.
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Continuing myclinization of some axons in the grafted tissuc. A. Axon (a) wilh a loose myelin sheath. The process of an
oligodendrocyte (OC, left upper part of the photo) contacts this axon. Bar 0.5 ram. B. Myelin-producing cell (OC,
probably immature oligodcndrocyte) with electron-lucid cytoplasm which surrounds myelinated axons (a). A
cytoplasmic process of the cell continues into the external lamclla of the myelin sheath: several additional thin processes
partly envelop the axon. Bar 0.5 mm.
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Synaptic boulons in the grafted denlalc lissue. A. A dendrile (D) sludded wilh synaptic boulons of various dimensions.
Bar 0.5 mm. B. A neuron (N) wilh axosomatic synapses containing spherical clear (s) and flat (f) vesicles (both conlacls
seem to be of a symmetric type). Bar 0.5 ram. Some synaplic boutons in A and B, besides lypical synaptic vesicles,
contain larger empty, presumably growlh, vesicles.
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Fig. 5: Giant synapses of mossy fibers in intracortical dentate grafts. A. A single giant bouton of a very, complex configuration,
with multiple amoeboid protuberances (p) and synaptic contacts (s). Bar 0.5 ram. B. A group of giant boutons (G) with
synaptic (s) and dcsmosomc-likc (d) contacts Note the long active zone continuing from the parent dendrite to its spine
(arrow). Aggregates of cisterns of agranular rcticulum, resembling spine apparatus (asterisks) are present in some
dendrites (D). One such aggregate enters from the parent dendrite into its protuberance. A group of ribosomes is seen in
one of the spines (arrowhead). Bar 0.5 ram.
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Signs of degeneration ill sonic neurons of the grafted tissue. A, A local group of lysosomcs and autophagic vacuoles
present in the otherwise morphologically normal pyramidal neuron (N nucleus). Bar 0.5 ram. B. A presumably
inhibitory intcrneuron with lobulatcd nucleus (N). lls cytoplasm contains a large fasciculus of filaments (F), lysosomcs
and dumbbell-shaped milochondria (m). Bar 0.5 ram.
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Fig. 7: Signs of degeneration in the neuronal processes. A. Terminal expansion of a myelinated axon densely packed with
electron-dense and lamellar bodies. Bar 0.5 mm. B. A group of neuronal processes with degenerative changes adjacent
to the graft/host interface. The glial cells with their large nuclei (N) flattened along the border of the graft are seen
below. Bar 0.5 mm.
J()[JRNAI. ()F NEUII, TIC&NSPLANTATION & PLASTICITYLONG-TERM DENTATE FASCIA GRAFTS 193
microtubules, sometimes twisted into tangles. In dentate grafts analyzed in the present paper. We
some axonal profiles microtubules were replaced by have previously shown that the grafts were
neurofilaments. Single degenerating profiles were interconnected with the surrounding host neocortex
encountered in neuropil, but more often were by multiple axonal and dendritic processes, crossing
gathered into clusters with various degrees of the grail/host interface /40/, and that synaptic
expression of destructive processes. Such clusters contacts were established between the two tissues
were usually present near those areas of the graft /41/. In spite of the graft integration with the host
border which represented a considerable obstacle to brain, some features, such as the presence of
the penetration of neuronal processes, i.e. near various protuberances, indentations and filopodia on
accumulations of ependymal cells and interface
blood capillaries with hypertrophied perivascular
glia/40/.
Degenerative changes in the dendrites were
observed less often. Morphologically they were
identical to those in axonal expansions, and in these
cases the dendritic nature of a process could be
identified only if synaptic active zones were present
upon it. In some other cases, degenerating dendrites
with lucent, semi-empty cytoplasm containing only
unitary mitochondria could be seen. Sometimes
dendrites with signs of destructive changes gave rise
to thin collateral branchlets with normal cytoplasm
and longitudinally oriented microtubules (Fig. 8A).
somatic and dendritic membranes, suggest certain
deficits of afferentation resulting in the development
of additional contact surfaces by the grafted
neurons. However, a comparison of intracortical
integrated gras with isolated intraocular grafts
shows that the presence of contact with surrounding
brain tissue significantly ameliorates these
deviations from normal structure. Fully developed
somatic spines with postsynaptic densities, long-thin
spines upon dendrites and overproduction of
dendritic spines, which were described in the
intraocular grafts/15,37/and in isolated intrabrain
grafts/3/, were not obvious in our material.
The mossy fibers which constitute the bulk of
In many of the processes, indications of the axons of the grafted dentate tissue penetrated
degenerative changes co-existed with signs of into the host neocortex and established synaptic
increased metabolic activity, such as multiple
mitochondria, vacuolated and tubular reticulum and
polymorph vesicles (Fig. 8B). Some synapses
seemed to be in a state of reorganization. Their
synaptic and dense core vesicles were not
concentrated in the active zones, but were randomly
distributed in the periphery of the terminals and
partly gathered into dense groups in the central
area. Clear vesicles with dimensions corresponding
to those of growth vesicles were usually present in
these synapses, as well as in adjacent synaptic
terminals with normal ultrastructural features (Fig.
8C).
DISCUSSION
Organotypic histological and ultrastructural
features of dentate neurons have been described in
homotopic (intrahippocampal) grafts, as well as in
heterotopic /31,33/ and intraocular /15,26,27/
transplants. Normally developed typical neuronal
elements, easily identifiable by their ultrastructural
characteristics, were also present in the intracortical
contacts with its neurons /4/, but many of them
terminated in the graft itself. As mossy fibers
normally make contacts en passant and make
collateral synapses with polymorph hilar cells and
inhibitory interneurons /7,14,24,34/, some of the
normal targets could be used as postsynaptic
elements. However, the paucity in the grafted tissue
of the main target elements for mossy fibers, the
large CA3 pyramidal neurons, resulted in giant
terminal boutons making contact with small and
medium-sized spines. In spite of their moderate size,
such spines contacted by giant boutons often had
branched heads and contained various organelles
typical of giant thorny excrescenses. This may
indicate the role of mossy terminals in induction of
the corresponding features in the postsynaptic
target. Such a role for the mossy terminal synaptic
boutons has been suggested by some authors
/23,35/. However, it should be noted that, in
isolated (without dentate) intraocular hippocampal
gratis, we have observed thorny excrescences of the
CA3 pyramidal neurons contacted by several
ordinary small synaptic boutons /3 8/.
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Ultrastructural signs of a combination of dcgcncralivc and reparative processes. A. A semi-empty, clcclron lucid profile
of a dendrite (D) from which a thin collateral branch (b) with normal structure emerges. Neighboring ncuropil elements
make synaptic (s) and dcsmosomc-likc (arrowheads) contacts with them. Bar 0.5 ram. B. A neuronal process vith
lysosomes and lancllar bodies. A large aggregate ofvacuoles of agranular cndoplasmic rcticululn (at) is present, Bar 0.5
ram. C. Axonal expansion with a large accumulation of mitochondria in lhe central part. Its peripheral part contains
vacuoles and vesicles of various dimensions and clcclron densities: among them arc growth, dense-core and synaptic
vesicles. Two groups of synaptic vesicles arc indicated by arrows. Bar 0.5 ram.
JO!JRNAL OF NIIJRAL TI{ANSPLANTATION & PLASTICITYL()NG-TI,I(M I)IN’I’ATI I"ASCIA (;RAI,"I’S 195
The gratted dentate tissue surviving for nine
months in the host neocortex seemed to exist in an
unstable, dynamic state. Neuronal processes seemed
to continue growth and sprouting, as shown by the
presence of thin dendritic branchlets with growth
tips and axonal growth cones in the tissue.
Accumulations of polyribosomes at the base of
dendritic spines, which are otten encountered in the
grafted tissue, have been described in normal
dentate and neocortex during early postnatal
ontogenesis /17,30/ and in the course of
regeneration /29/. In addition, continuing
myelinization with participation of the cells
identified as immature oligodendrocytes was present
in the gratted tissue Prolonged and incomplete
maturation ofthe grafted neurons has been noted by
several authors both at the ultrastructural /19,26/
and functional /21,36/ levels. The signs of
continuous development were more expressed in
the isolated intraocular grafts /26,39/ than in the
integrated intracerebral ones.
In contrast, degenerative manifestations were
also traced in the nine month-old dentate grafts.
Dense and lamellar bodies, lysosomes, lypofuscine
granules, and changes of cytoskeleton with micro-
tubules twisted into tangles or replaced by neuro-
filaments were present in degenerating axons.
Similar, but more pronounced, degenerative
changes, often invading neuronal somata, have been
described mainly in non-integrated grafts of brain
tissue: in intraocular gratis /38/, in tissue
transplanted into peripheral nerve /11/, in
extraparenchymal grafts under cerebellar tentorium
/10/, and in intraparenchymal gratis. In the last case,
failure to previously lesion the recipient’s
corresponding neuronal systems has been shown to
restrict brain/graft integration/16/. These changes,
which sometimes have been interpreted as evidence
of accelerated aging of the grafted brain tissue/16/,
may result from the development of the graft as a
"closed system", without sufficient exchange of
nerve fibers with the host brain. This is partly
supported by the stronger expression of such
degenerative changes close to areas of graft/host
interface which are not permissive for passage of
growing neuronal processes.
The described features of the grafted tissue are
not qualitatively different from those which can be
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seen in normal age-matched brain tissue; this is
especially true of the dentate fascia. It has been
shown in rodents that generation of granular cells
and growth of their processes occurs throughout
life /5,9,20,28/. Growth and sprouting of dentate
dendritic processes, together with degenerative
changes, occur even in very old humans
/6,12,18,25/. Damage to and loss of the afferents
result in active growth of mossy fibers and
synaptogenesis in adult animals /2,13/. Various
conditions leading to neuronal death and
degeneration of their processes (aging, epilepsy,
etc.) reactivate the development of remaining neural
elements with many of the features described in the
dentate grafts (axonal growth, filopodia-like
structures, proliferation of dendrites)/1,4,8,32/.
Thus, the observed ultrastructural evidence for
continuous development, degeneration and increased
reparation in the grafted dentate tissue cannot, on
the whole, be regarded as pointing to a pathological
state. However, as brain tissue which has survived
for nine months is already beyond the period of
active development but is still young enough for
degeneration associated with aging, the
developmental/degenerative changes observed in
the grafted dentate are definitely much more
strongly expressed than in chronologically matched
tissue in situ.
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